Individuals benefit from occupying central roles in social networks, but little is known about the psychological traits that predict centrality. Across four college freshman dorms (n = 193), we characterized individuals with a battery of personality questionnaires and also asked them to nominate dorm members with whom they had different types of relationships. This revealed several social networks within dorm communities with differing characteristics. In particular, additional data showed that networks varied in the degree to which nominations depend on (i) trust and (ii) shared fun and excitement. Networks more dependent upon trust were further defined by fewer connections than those more dependent on fun. Crucially, network and personality features interacted to predict individuals' centrality: people high in well-being (i.e., life satisfaction and positive emotion) were central to networks characterized by fun, whereas people high in empathy were central to networks characterized by trust. Together, these findings provide network-based corroboration of psychological evidence that well-being is socially attractive, whereas empathy supports close relationships. More broadly, these data highlight how an individual's personality relates to the roles that they play in sustaining their community.
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social networks | empathy | well-being | centrality | personality I n a community, certain individuals take central roles and are sought out by others for advice, support, fun, and companionship. Central individuals substantially impact the health and well-being of their community (1) (2) (3) (4) , for example, by reducing stress and generating opportunities for other community members (5) . Who comes to occupy these central network positions? Recent research suggests that individuals' personalities influence their ability to attract social ties (6) (7) (8) (9) (10) (11) ,* but this personality-centrality relationship may vary depending on the type of connection that one uses to define a network. For example, extraverts become more central than introverts in networks defined by friendship (6) .
Past work generally focuses on the relationship between a single personality trait (e.g., extraversion) and centrality in a single network (e.g., friendship networks). However, communities contain multiple networks that are defined by different types of relationships. Individuals might ask for advice from one subset of their community, look for companionship with another subset, and seek emotional support from a third subset (12) (13) (14) (15) . This means that an individual could occupy a central role in one type of network, but hold a more peripheral position in a different type of network (2) . We study this by first mapping several networks within a community and then by assessing a person's position in a network with respect to a broad array of personality traits. This allows us to identify the features of an individual that predict their centrality in various types of networks.
Previous psychological research suggests that an individual's personality might relate to her community roles and thus to her centrality in different types of networks. For example, researchers have demonstrated that two facets of well-being-positive emotion and life satisfaction-operate independently and have dissociable effects on social relationships (16) . In particular, people high in positive emotion frequently display their feelings (e.g., smiling) and disclose positive events to others, which in turn elicits matching positive emotions in interlocutors (17, 18) . People high in life satisfaction likewise attract attention and alliance from peers (19, 20) . As such, an individual's well-being should correlate with his or her centrality in social networks that feature shared positive experiences (e.g., fun) and companionship (21) . In contrast, empathy-the ability to understand and share others' emotions-predicts responsiveness to others' needs, especially in close relationships and in times of stress (22, 23) . Over time, this emotional attunement to others builds trust and intimacy between individuals (24). As such, empathic individuals might gain central positions in networks related to trust (11) .
Here, we test these predictions through an integrative combination of psychological and social network techniques (25) (26) (27) . We focus on first-year college dormitories, in which communities emerge de novo. We recruited students from four freshman-only dormitories at Stanford University (n = 193, 94 males, mean age = 18.27 y; see SI Appendix, Table S1 for details). At the start of the academic quarter, participants completed (i) 21 questionnaires assessing empathy, well-being (i.e., positive emotion and life satisfaction), and negative emotion (SI Appendix, Table S2 ) and (ii) questions related to different networks within their dorm. More specifically, participants nominated up to eight people in their dormitory in response to each of eight questions (in this order): (i) "Who are your closest friends?"; (ii) "Whom do you spend the most time with?"; (iii) "Whom have you asked Significance Which traits make individuals popular or lead others to turn to them in times of stress? We examine these questions by observing newly formed social networks in first-year college dormitories. We measured dorm members' traits (for example, their empathy) as well as their position in their dorm's social networks. Via network analysis, we corroborate insights from psychological research: people who exude positive emotions are sought out by others for fun and excitement, whereas empathic individuals are sought out for trust and support. These findings show that individuals' traits are related to their network positions and to the different roles that they play in supporting their communities.
for advice about your social life?"; (iv) "Who do you turn to when something bad happens?"; (v) "Whom do you share good news with?"; (vi) "Who makes you feel supported and cared for?"; (vii) "Who is the most empathetic?"; and (viii) "Who usually makes you feel positive (e.g., happy, enthusiastic)?"
In addition to collecting network data and personality profiles, we also probed how people selected others to nominate for each network. We hypothesized that some network nominationssuch as sharing bad news with others-would depend on an individual's trust of a nominee (24) . In contrast, other nominationssuch as feeling positive around others-might depend on a nominee's ability to make others have fun and feel excited (28) . To test these hypotheses, we recruited a new sample of college students at the University of Illinois at Chicago (UIC) (n = 86, 23 males, mean age = 22.16 y). We asked them to rate the extent to which they viewed (i) trust and (ii) fun and excitement on a sliding scale from 1 (not at all important) to 100 (very important) as important considerations when nominating others for each network. Five additional dimensions of relationships were also measured (Methods and SI Appendix, Fig. S5 ). We focus on trust and fun here because we hypothesized that empathy and well-being would most closely relate to centrality in networks that varied along these two particular dimensions. This hypothesis is consistent with new college students' lives being focused more on sociability and trust than other cognitive dimensions such as competence or assertiveness (30, 31) .
Results
Psychological Traits. Factor analysis confirmed four main personality trait clusters in our sample: (i) empathy, (ii) life satisfaction, (iii) positive emotion, and (iv) negative emotion ( Fig. 1 and SI Appendix, Table S3 for descriptive statistics). The empathy factor captures how responsive individuals are to others' emotions and needs, whereas the life satisfaction factor represents individuals' general satisfaction with life. The positive emotion factor captures individuals' tendency to seek personal and social rewards (e.g., extraversion) and to experience positive emotions. The negative emotion factor encapsulates the tendency to experience negative emotions and to avoid aversive experiences (e.g., behavioral inhibition).
Network Selectivity. Networks defined by each question differed in their selectivity (i.e., the average number of relationships per individual). For example, Stanford dorm residents nominated an average of 4.18 dorm members as close friends-generating the least selective network-but only nominated 1.84 dorm members as someone they would turn to with bad news-generating the most selective network (SI Appendix, Fig. S1 ). In addition, each of the eight networks showed moderate to strong correlations with each other (SI Appendix, Table S4 ), but were not redundant with each other.
Perceptions of Trust and Fun. Networks also varied in their reliance on trust and fun, as assessed by our independent UIC sample (SI Appendix, Relationship Between Selectivity and Network Type. We also explored whether networks characterized by fun versus trust varied in their selectivity. We performed a median split and divided the networks into (i) lower vs. higher trust and (ii) lower vs. higher fun, as defined by ratings in our UIC sample. With two paired sample t tests, we then compared networks that were considered lower vs. higher on trust-and lower vs. higher on fun-in terms of the number of nominations that those networks produced in our Stanford sample. Higher-trust nominations mapped onto more selective networks (M = 2.6 nominations, SE = 0.14), whereas lower-trust nominations mapped onto less selective networks (M = 2.77, SE = 0.14) [paired-sample difference: t(192) = −3.18, P < 0.01]. In contrast, higher-fun nominations mapped onto less selective networks (M = 3.23 nominations, SE = 0.16), whereas lower-fun nominations mapped onto more selective networks (M = 2.14, SE = 0.12) [paired-sample difference: t(192) = 13.46, P < 0.001]. Thus, networks requiring trust have significantly fewer ties, whereas networks based on fun have significantly more ties (at least in these dormitories).
Personality-Centrality Relationships Across Networks. For Stanford participants, we combined individual and network levels of analysis by regressing indegree (i.e., the number of ties directed to each participant from his or her freshmen dorm members) on psychological trait clusters for each network. We used negative binomial regression to isolate the strongest trait predictor of centrality within each network, entering all four trait clusters as simultaneous predictors of centrality. [Although Poisson regression is typically used for count outcomes, we conducted negative binomial regressions because indegree for all eight networks was overdispersed (SI Appendix, Table S5 ). Critically, the negative binomial model (i) was a significant improvement over the Poisson model for all eight networks (SI Appendix, Table S6 ) and (ii) was not outperformed by alternative models (i.e., zero-inflated negative binomial model) (SI Appendix, consistent with past psychological research. People high in wellbeing were more central in networks characterized by fun ( Fig. 2 and Table 1 ). For example, life satisfaction was the strongest predictor of spending time together, whereas positive emotion was the strongest predictor of making others feel positive ( Fig. 3 and SI Appendix, Fig. S6 ). By contrast, empathy most strongly tracked centrality in trust-based networks ( Fig. 2 and Table 1 )-such as those defined by disclosing bad news (Fig. 3 and SI Appendix, Fig. S6 ) and seeking social support and empathy. However, negative emotion did not significantly relate to centrality in any of the networks.
Discussion
These data corroborate classic findings from psychology from a network perspective. Decades of work suggest that well-being helps individuals build positive relationships (16, 31) , whereas empathy fosters and maintains close relationships in particular (32, 33) . In college students, we found that communities comprised multiple networks, including more selective ones dependent on trust between dorm members and broader networks dependent on shared fun. Personality interacted with these network features to predict individuals' centrality: people high in well-being were central in networks related to fun, whereas people high in empathy occupied central positions in networks based on trust. This correlation is consistent with what students told us about how they select others and raises the possibility that they tune their relationships depending on their neighbors' traits: spending time with individuals high in well-being, but targeting empathic individuals for social interchange requiring trust. Together, these findings suggest that personality relates to the varied roles that individuals play in sustaining their communities.
Our findings also provide insight into how individuals promote well-being in their social network. For example, supportive relationships buffer people from stress and its deleterious effects on health (34), whereas weak ties help individuals gain knowledge and opportunities (35, 36) . However, the types of individuals who help network neighbors through these varying mechanisms were previously unclear. Our findings suggest that empathic individuals help other network members through stress buffering and that individuals high in well-being provide others with opportunities to foster positive experiences. These traits could thus differentially predict the ways in which individuals affect the mental health and well-being of their broader communities.
Methods
Stanford Dorm Study. Participants. We recruited college freshmen at Stanford University living in freshman-only dormitories. All participants provided informed consent according to the procedures of the Stanford University Institutional Review Board. To participate, students needed to be 18 y or older, a freshman, and living in the specified dorms. The study was conducted over the course of three academic quarters with four different samples: dorm 1 from January to March 2015, dorm 2 from April to June 2015, and dorms 3 and 4 from October to December 2015. We successfully recruited 49-67% of each dorm, for a total of 197 participants across all four dorms. Four participants withdrew from the study because they became too busy with schoolwork to participate in the subsequent aspects of the study. Thus, the final sample included a relatively diverse sample of 193 participants (94 males, mean age = 18.27 y) (see SI Appendix, Table S1 for a more extensive description of the participants). (Participants entered whole numbers for their age, rather than birthdates. Therefore, the actual average age might be higher due to rounding down.) Procedure. During the second week of the quarter, participants completed an online Qualtrics survey that included (i ) social network nominations, (ii) 21 trait questionnaires, (iii) demographic questions, and (iv) physical health information. All measures were administered in the order listed above, but the order of the 21 trait questionnaires was randomized. At the start of the survey, participants were reminded that their responses were confidential and were asked to fill out the survey in one sitting. Typically, the survey took 40-60 min to complete. Trait measures. Participants completed 21 trait questionnaires on empathy, prosociality, personality, well-being, and clinical disorders. SI Appendix, Table  S2 , provides a detailed list of all measures. For each measure, select items were reverse-coded according to established scoring guides. Next, all items were averaged together to create a composite score for each measure. As a data reduction step, we performed a factor analysis on all composite scores for measures of empathy, prosociality, personality, and well-being on the full sample (197 participants). We excluded any scales typically used in the assessment of clinical disorders (i.e., depression, anxiety, risk for mania, rumination, and narcissism) or that were included for scale validation (i.e., interpersonal regulation) or as a potential covariate (i.e., social desirability, physical health). Using the psych package in R, a parallel analysis (i.e., a factor retention method) recommended that we retain five factors in the exploratory factor analysis (37) . As a result, we specified a five-factor model with unweighted least-squares extraction (i.e., "minres") and oblique rotation (i.e., "oblimin"), allowing the factors to correlate with each other. However, one of the five factors contained only two items with a factor loading more than 0.4 (SI Appendix, Table S8 ), making this solution less optimal. We therefore moved to a four-factor solution with unweighted least-squares extraction and oblique rotation (SI Appendix, Table S9 ). Items with low factor loadings (−0.4 < × < 0.4) were removed, including lay theories of empathy, conscientiousness, openness, and loneliness. After removing these items, perceived stress was also removed due to high cross-loadings on multiple factors.
For the final solution (SI Appendix, Table S10 ), we evaluated model fit with the Tucker-Lewis Index (TLI), root mean-square error of approximation (RMSEA), and standardized root mean square residual (SRSR). Generally, TLI values above 0.90, as well as RMSEA and SRSR values of 0.08 or less, indicate adequate fit (38) . The four-factor solution yielded acceptable fit across all indices: TLI = 0.91, RMSEA = 0.07, and SRSR = 0.04. In addition, factor loadings Table 1 ) for networks that were considered higher vs. lower in trust. (Bottom) The strength of the relationship between each trait and indegree for networks that were considered higher vs. lower in fun and excitement.
for this model indicated relatively high internal consistency, ranging from 0.43 to 0.79 ( Fig. 1 and SI Appendix, Table S10 ). Overall, these analyses reveal that our trait measures emerge as four distinct factors: (i) empathy, (ii) life satisfaction, (iii) positive emotion, and (iv) negative emotion.
To compute factor scores for subsequent analyses, we multiplied each indicator (e.g., empathic concern) by its factor loading and then averaged across all items for that factor (e.g., empathy). All factors were normally distributed, except for life satisfaction. Therefore, we applied the Box-Cox transformation to life satisfaction, leading to a normal distribution. This transformed variable was used for all subsequent analyses. To more deeply understand this structure, we tested if these four factors correlated with each other across individuals ( Notably, all significant correlations were moderate, suggesting that these four factors represent distinct constructs that are not strongly related to each other. Network nominations. Participants were asked to fill out the names of up to eight people in their dormitory on nine questions. Questions were always presented in the order listed above. The last question, which is not listed above, was: "Who usually makes you feel negative (e.g., stressed, angry, sad)?" This question was not included in analyses because we focused on networks related to positive relationships only. Participants were instructed to type in the names of other freshmen in the dorm or their resident assistants (i.e., undergraduate dorm staff) and to not list any names of people outside of their dorm (e.g., family, significant other, other friends on/off campus). As participants typed names in, autocompleted suggestions appeared listing people in their dormitories (based on a roster provided by dorm staff).
We calculated indegree by totaling the number of ties directed to each individual from other freshmen in the dorm. Resident assistants (i.e., sophomores) did not participate in the study due to their knowledge about study hypotheses; therefore, indegree does not include any nominations to or from dorm staff. We also calculated the pairwise internetwork correlation between each of the eight networks. To assess the significance of these correlations, we used the quadratic assignment procedure (QAP). This nonparametric method involves permuting individual rows and columns in the adjacency matrices to assess how large the correlation of the actual data are relative to the correlation of the randomly permuted matrices (www.stata.com/ meeting/1nasug/simpson.pdf). We computed QAP-based P values using the qaptest function in the sna package for R (https://cran.r-project.org/web/ packages/sna/sna.pdf). Data and code availability. The data and code for all Stanford dorm analyses are available in a Zenodo repository at https://doi.org/10.5281/zenodo.821788.
UIC Study.
Participants. We recruited 98 introductory psychology students at UIC. All participants provided informed consent according to the procedures of the UIC Institutional Review Board. Twelve participants completed the survey unusually fast (i.e., under 15 min), so they were excluded from analysis to ensure high-quality responses. Therefore, the final sample consisted of 86 students (23 males; mean age = 22.16) with 22% white, 27% Hispanic/Latino, 9% black/African American, 5% East Asian, 15% South Asian, 2% Pacific Islander, 5% Middle Eastern, 3% other/undisclosed, and 12% mixed race. Procedure. Participants completed an online Qualtrics survey that included relationship dimension ratings (within a larger survey). Participants were asked to imagine their relationships with fellow students when prompted with a social network question (e.g., "Who are your closest friends?"). Then, they rated how important it was that these individuals possess seven different qualities. For each social network question, they saw this prompt: "When you think about UIC students who fill this role, how important is it that. Feel PosiƟve Network Fig. 3 . (Top) A network map of one dorm shows that students with more nominations (i.e., larger nodes) for the question "Who usually makes you feel positive (e.g., happy, enthusiastic)?" also tend to rank higher on trait positive emotion. (Bottom) A network map of the same dorm shows that students with more nominations for the question "Who do you turn to when something bad happens?" also tend to rank higher on trait empathy. Note that all analyses were conducted with continuous trait measures and that median splits are used here only for illustrative purposes. β represents the standardized beta coefficient (i.e., measured in units of SD). SE is the standard error of the standardized beta coefficient. Although indegrees are treated as independent, we caution that nominations could be correlated.*P < 0.10, **P < 0.05, ***P < 0.01. Indegrees are treated as independent, but we caution that nominations could be correlated. emotionally close to them?"; (iv) "They keep you informed of things you should know about?"; (v) "They have the right connections that can help with your career and future aspirations?"; (vi) "They have connections that can help you meet new and interesting people?"; and (vii) "You have fun and do exciting things together?". They made ratings on a sliding scale from 1 (not at all important) to 100 (very important). They completed these ratings for each of the eight social network nominations listed above. Ratings for each dimension were averaged across all participants.
Data and code availability. The data and code for all UIC analyses are available in a Zenodo repository, https://doi.org/10.5281/zenodo.821788.
